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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is ur 8 ed against the liner by a constant force spring device . 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first- stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed In connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention Is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 

0 tudlnally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 

a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My Invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

1 Figures LA, IB and 1C, taken together, constitute a partial cec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft lfi 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
membera is controlled by the position of the member 24 which moves upvanlly 
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until it contacts shoulder 26 provided on the shaft. As member 2t moves in a 
dovnvordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 26 
provided on the ohaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. Tht 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston }k 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside waU of the casing in which it ia being installed. Positioned on the 
shaft below the expanding member Zk is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing ie precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
l8 and held between the expanding element 2k and a cylindrical lover shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member id. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and Mb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 1*5 so that it can slide 
longitudinally, but it Is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble 1b a friction member, such as bow springs kZ, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the Inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same aa that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on Bpring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 37 comprises column element U3, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member kk is in contact vith the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2**. Lover 
bearing plate member k6 contacts the lover ends of the columne and is moved 
upvardly along the shaft by longitudinal movement of lover ehoulder 38 as a 
result of revolving differential screv element 39. Grooves V? are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform vith the s.iape of the column ends if desired. A cover U8 may be 
employed to exclude foreign matter from the * spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 1*9 and k9& are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon, the ends of the stops may mo'.e tovard, or avay 
from, each other as the load on the spring member varies. Lover sleeve k9a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element U3. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
rings mounted on the shaft may serve as stops, or the cover kS provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columne. 

The columns of the column clement *0 may be arranged around the 
shaft 18, vhich as shovn here forms a portion of the body of the spring 
device, vith ends of the columne fitted in the races kj. The columns may be 
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ritted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the sleademess ratio of the column may be varied 
widely, and the column endi may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to nove within 
the races shaped to the curvatu: e of the column ends. toterials which may be 
satisfactorily employed for the column are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper baae alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0.iO8-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
<OfcO steel, quenched and drawn at 575°F. Each column was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shapj 
of this spring characteristic curve is described by curve GA'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are apt anticipated, a working stress just below the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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approximately one inch, et vhich the longitudinal deflection was approximately 

0.225 inches. From zero deflection to the maximum deflection, the UjO-pound 

loading was found to be substantially constant. 

In another test a spring device vas built, as shown, employing 20 

columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection wes limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon congressional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0U inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
level, the well tubing is revolved. The friction member k2 engages with the 
wall of the casing and prevents thimble hi from revolving. Vith several 
revolutions of the tubing, lower shoulder 38 is mo^d upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. Ihls load is transmitted upwardly against the lover end of 
expander 2k, and its tapered surface is engaged with the tapered surface on 
the inside of the anna 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 

The foregoing description of a preferred embodiment of my invention 
has been given for the purpose of exemplification. It will be understood that 
varloua modifications in the details of construction will become apparent to 



736288 

the artisan from the description, and, a S such, these fall within the spirit 
and scope of my invention. 
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I CLAIM; 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
h positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner -forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
U member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pivotable outwardly therefrom to " 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 

10 members, whereby said arm members are urged outwardly by a substanti ally 

11 constant force. 

1 3. The device of Claim 2 wherein said constant force spring memb er 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone member, stop means connected to said shaft to limi t the axial 

7 travel of said movable bearing plate member along said shaft, and compression 

8 means for maintaining a lateral deflection in said c olumn s. 
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km ^ devlce of Clal * 3 wherein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 vherein said stop means comprises a 
sleeve-like element connected to said movable bearing plate member and 
slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve-like element. 

6. The device of Claim 3 wherein said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 
wider face normal to the diameter of said shaft. 

7. A device for installing an expanded metallic liner in a conduit 
which comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferentially around the outside of said shaft and being pivotable out- 
wardly therefrom to contact the liner; a conical expanding member slidably 
positioned on said shaft between said shaft and said ana members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferentially about 
said shaft; an upper bearing plate member and a lover bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 

and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lover bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said arm members 
outwardly with a substantially constant force. 
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Hod- U totAf lBotoltofl. fer tmeto. In -Ura./* oU wil colli*, 
K) mU bmUk o*t onitt • -wir to* moUoMl too* «aafa nolk lo 
Vodi« MVHra to po* «*• o^ontor ton** tto Hoot. 
•joUotoloii or oto *»«* fomoo *oq*±rod Mr ftoUW to rap*mx of U» «oolo« 
oc So WHI1< *» lootoUlo* tool. In t i ortoo io tooio «•» intomil 
ollofttot of to* taMI U luwirftot Uo» ton to** **au»ljntoi, too MtolU 
in* ferooft on oooo* Mo tool to toaow I 
nn Atattft to too cooing ad too tool, lb c 

• «UttM "fTU^ owojM* «•»&»•* ocmoetioo Lfc. moc 

oto, i*rto* 4lffloal%i»« iooo«Bto»«t In obtoinioi • J©»lue 
■Mtooiom torlxx oorfDod «trox«to lo ( ro o Mn it lnn Vi-to 1 
30 chmeUIMiAj*. «o4 ^ath too tool inmXH -Uml too tvO** «ai of «W 
osoiol» oftor totof 1 
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■ » 

I 

* 

I 



tuw« toaU oT too type mcUow^ «tow oftarti u» «aptoto iu «lU» 
to«e la *6c 11 to tt*lj prafajobl* tt-t A 1ml to oto wtor no 

i iff— «tm m tUl boon ttacfc 1a tho *all v uium dona* to too Mil. fey 
ncH tratoli Mvmrl^ Id * «U mo nrnU la «n*4d«mMo toM to Ua to 
fTM% cumm to totog rato ra. 

to o*>at of too praato toaastloa ia a to»toa tot ajatotoa. ■ cw- 
■toM> tvrm 10 aa ntoUH «" attoor alto tor •ojxntM oa ttot • ?#a- 
M U.M mIhj to OMurta* atoart * »**«►• tototor tojaat U aa 

UivMto — J— *<t tool tor ttouIlUf vtoULa um to * oototda, atooa 



tetoi laatoUad to too aoatoU. tUU oaotoor oo>rt of too teaoottoa It oa 
acoaoadool to otol* ftorlcaiad ooaatoa* feroo atrloa; -too.. * Mrtoar 
ottoto lo o oooy-toopo^to nptoia, tool oar-to/to*. «to ■ oortn* 

torUa. Suao to otorr dajaoto of uo tonattoo r\\\ tooooo B|Hat V 
rotorocco to tor fpllawlao, daaaripWo* a* too la*oottoow 

to oooaatoooo «ito tto jtvHot to#«BtUB tooro lo pn*toad o ood- 
M t re*ta aprtoc darlaa toiato eoosrtoo* a tod* —tor , oa olo***M* aoXaaa 
alatot adjaoaot uU tod* aaator, toartaa otota aaafcaxo oontortU* taa too 
aoto ot tato cotoaa at Uaat mm <*i aal* tooxlaa ptota ae***n* woa« Uk*£- 
QD . tiaUaaUy ao*a\la U raaaaat of too otoa* ato atop woa m 
tt> limit toa toTUiU(B of oald aolto aioao rrt to ontoal a* 
toiarau «1— otoato apoa toa acpUaatioa of • aaooaootoa toto 
o^nto. to aa> arftodlaaa* at too lawoaUoa. too 1 
aprtoa htla to oaatotod to a toto to «*#—*in* o aataUla ltoar ltoto 
a osntolt, oai» aaartont toroo atoaa, to** totof ftotloto oa aato tool 
to^u aajoadlaa, tto aaaaar atoto toa Hoar tola* iartoltol *» too 
by a mtotoatlally COUtOBl form. 
NT Uiwatooa uU to totter — a««t«>i V ~f*™*** «• tto folloif 
toj toolftlw to toa ww^jaayiof Araaiaf* «^ar*ln» 
3D rigasao U, U to 1C, totoa tototor, oooaUUta a partial aao- 

ttooal nav of a i 
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iifi« a.ai 4us 

71*0** } U » trplc*l Tlot or a»U*4 loal «m« D*ri*e1Un ftor 

tafwrltx V> U» AMVlac*, flv>n ^ u iM tettoa pattLo- «a * 
i mi Mp<otttn4 toot for om ia i&ralllag • «*«a\uo uwr » • ovll. »uu 
ri«*» 1* LLMriiwte* M*< *IMi* murium orf rah » Veol mo Plgm 20 iei«. 
MOW U» 09V«r oooMo* or t» tm\. «. o^rfU* too» ii ii «t*u*ofl U, 
wUM*U voU toMa« If % >-E"t 13 m? Iwvt^ rrai ti» 

onrfMO ifefoo^k o *oll ooolm (do* oW) W> 0 *oJat i» V» P-*W «t wt*ch It 
l« uunl 4© IsvWll * mt*Ula Umt- laMrUftf U» tot Irto U» 

wll, a tln^M oorUcol]? an|KMAlMr 1* fieri cob* ttt* sua 
w titer ml***]* «imvn MtntU, fa ja*&*4 on t*« Wl. «ro#*t** 
Usar !• Moantf 1* joritLoD ¥7 «o«lk«t ot lt» tftv o«d *itK a ejUolrtoal 
rt^jur 16 m), *t tta loaar tod by o»Wi tfltA & flrrt-it«f) W"*' 

l^ttilTlitht fen ol * wootoA circular wm «M*J» mtwi a* « flT*V- 
ta» ojMAUg Ola U tbo -M «* r OMffOiaotiOT i*»»rtW4. ««p*adLog dl« u 

ftxodlr »*U«»aa to a «att»U7 loaotM. •iflOjrtoft irUfttrtcH holloa abaft 1* 
^Lch form* o jartaon of tte V30j| or u* tool. Aa w» «xpwdiao 17 

U faoU la *l*o» att»a*> a Xom7 abOflUar 1$ aad ooJl^n uwadad cote In 
abaft. . A pWaliVj or wi^Ia «r» 89, ffaXUvbly jwrf^ »itb ontw*ly 
^BlMrj rti yortaoM 0 mat tbo top; «*a *u»ooaa in tia loam or » eriiaaar 
imol ihoTi IB. TtM «a*r*ad partus-* ox uo ova* «W« ««t- 
vaiHf owboob taa 11— r U w o i fftoo t»a giml oto» v* Mynat^im uni iao »» o fl - 
Unr loo * Aft«t«*lBUjr v U*uioil *»* «■ o«oft»« K «ro flooUll? 

^oAor. S» .arfm» of tte nhrt " otatt, w*m* 1** «» 

«v*rt to oo^ji wit* V>« «w «nl am* Umb Otftmraij. wmufKMOj, U» 
IbMA* oorftoM of too 09* Qndttt ovULO* isfM of ending mm bia» A 
IW» MUM wUn. ^s4oUly oeU«o-l 1* «- «»«*lo* «» 

, U oolroll-A >r r—tl- of tte a-bor M iU«h «om «P«*U 



- ? 
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dmmtrtl? dJi*oii«N *rw &fi f«U UNttly towo** t*. *to.ft- lb* nwiW 
mm 23 u. tola lo *U** os th* ihaft h7 coi3«l »T "4 cUrmUr prom 30 
prcrLfiafl oa Vn tool t. 

-- r u» 1. iwa Uin^> to. ll«ftr to tr^rrf is Otoe* is tot ouiw> 
ft«t-tU*» ilo pronto* * *rc*i 4«f<m*io« (K to. U»»r to tort it I* 
Mjmtd artnrtU ««dHt to. «U of Mm ft* .*«ood-.too» *i* t»*» 

, %ttroa& Mm Umt tal forfoto. «to to w« to. HOOT 

» wwrt*m of U» mA to ororti- vxr« im ooctoat fcruou lM Unkr ml 
to. nU or too DiAat aa «fftct * n»ui-ia#rt tool. 

I* cc«i«ttaa, to. IDwt orttto* tool Iff wwIM « oorfocc, •» 
d^crUoa IM>, «od . gXmm ctoto •*xn»t*l rito » ao««n>l — ar to 

vmyprt wrmtr* U* rrnyV Uft. tD Com ti» liner. TO. iomoMj U knrrrt* 
toto U» «U ** to. UaoUoc rt vbtoft to. i. to to Mt. A liquid, «eh 

n Oil, U tbma . . . * onto. {VMint 4(W too *nl"^€ *■* A*"* torttt* 
te wMV M7 1* pmlM U oolltood xol 31, WxtX^ parto al Into .fUn- 
tor » ooooooto* to too app*r ood at tto toooldcr J^- H<» too opyllsstloo or 
fin* <*li**«*. * to P 0 "*** 4 ml U 

» «j«T41y I* a/la-to* J>. to ttoom, ** 36 oowooto polltooa roi >1 *oa 

IS *?c «M«b to kmW to* nnt-itap cxpoooing Ai* IT. *to* «■» P«« * 
M«t» toowrtl, ton** to* oyltodor » too mniWH 41. n.**A »• »*od»1- 



L llBOX ] 



t**lto or tto C4I1M la U !■ tolag iMtolU4. MiSotofl oo to. 
•ton tolxw to* ft^aOXQi atotor * to » onriwv to«oo «j»to« mtor 37 vJMoh 
to •flplDr* to ort* too ma^or *oHu« tt# osptodlat **m tt rtto • 

w^tofittoll^ KtftfUnl ftr». «K rwe* "«rto4 A«fcto*t to. «to .wttir* toiai 
•atotoBtltUY ooa*ua% v to. loroo \r~i—i\t~& ton*** to* *xm «-tor» to toe 
» uoir -A to to. outoa Till to .tootoMtoU* «»i«t tomx *itlw ffiltotoc 
of too tool 1* to* «**tof or wtm of too OMdu i« w 00TO ' 

too rorto yro^lM Vy to. ovrtog —to* « »~~l~to4 oo ».t to. Wrtto-1 



||479j| 
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loroat brma tte tool m4 ttt Umv and too ynmum *wtUA ^tMt tha am- 
ln» «** ■rtgUiaoi »V fc*fl*tmdooA oaf. lb. oonrUei f«u aprtA* 

umi tki tte imuit fNMN XXmpo* V* Unar fomtae aoruoo » 
of H» *<». 23 i» srwt Kwih vi pron4« tte tou™4 a*n«.ta« «f^"" 
la* y»— tn< itM^ to* m log m V)U« tool. 

Tte wuust taroo oprin* —wt 3T? u aouDtaA a. the .**« 

la^kVl WUoa tte oapojallte ftlOft**t * 00* ft cjUaiUloal iMr ofto-teas 
■voter 58 fomf* » portlo* of ft axiteioaltel Km all mt 39 * 
tko laoAtM ao a>rt*f ■ 5T to aooft ao*ter IS- 

t. M itafto^rtfl ftft tte outfit* «c Mate ftfft ate aoU toraolo 
nldor KMftwr 98 owrKtad nito. «omml» ttrW* 56V ooft toite> 
safer ftX aroattai atte ote—Oa Wa. ate %1» o» to* ootadte and. tea laaida, 
nvpcoUmlf, to ««po* «Xtft (Wi on ftW iMft «x4 tte ■tefttftor. B» too 
M W oT iTir— *■ « nm, nc& «a fate**i onUXiol •» thro.**, 

to vt«brand nn Wo* UoAo nl 4Sff.» t» alteO ao O-l aaoatear » la -oa«l 
oyoMOr «* <*» I* «b«o too ate/l lo jowmnd ralaUao to IbiteJo *1. 

Ba •boftUor # la aiiiOH t* tte ateft 10 V f»U«M 

la^ltaHaoUy. tei it U ftrt rroa to xuteta o* to. ateat. attaoead 
to too lorn oK or to. ttttela U ft lActioa ->*«r, w*»^ **' 
» ftjOrosUemU? ao»u«ta4 frldio- yftd, or otter raft oattaa ft* rrtoOCOftlxy 
j xith tte %tmiM mil of %te ftoc4»lt to awora tfclteO. ftjftioat 



i it w om u ttat of te «ft<n. Boa o te wa, 
w terP*ftft» tte H^K or late, of o»b Id* U autfAly traatar < 
ttefc of HtModo J6», vlVB im pl«c*i roftio Wu« V> matf. te totft 

- oaoox-wl» rmomioo of ft^ *»- ■*=••* 

r >8 to ftftouoft vpovrt olltfit^ oad » ootpnootoo Iom J« < 
r or. ecrioc .la-mot 37 to cnoc Wll*+ for «oa*u, coo mtl.r.auaT 
ftLff.mrtlftl *aoo m. o-lo ^o»tei ft*. ««i <—-^»lf iftjfaada/lacb wro 

, am o. eftaTt ^ralMtelj 1.7-lacb oaudft. dilator aafl da. 004 iftr^- 
, thrwd«/l»tfh amia tteofttta oo • itooKU» ajpralaotoUr a.J-Aatisc* 
, aimater. 



3 - 
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DOMtaot faro* WT*l«* *>MMA1 M OO^rtW. 43, 

UiHMly oorvmmoj at • plxrolltar a* «3on**tod •oI-m* *«.v»»*4 oroooA .baft 
1*. Ofcw WqIm wVr ^ 1- in eoaW. vttt Mm 0&*t out* ot \*+. 

waom m4 1* tUtatlj >c*itiaoe* or> ■faolt Jfi to tmurt* mm fore* of tte 
■*T**C ImHtidiMUj l^Uft tO. WVK- <*- «x»m*oi *•-»-"• l«» 
tatfteC »lotO K-Wr « OCBtMtO «•» to^/ rtlrfU* «1— ttd U KTTCd 

^rndlj aioo* to* **ft bj ln«lta01t»J. lewrt o* lour mooIoot » * 
Mat of ro**i«Uf tUfomUa «m *l~~t 59- Qtoaf* ¥7 iro pro*** 
D nafe ©r VirlM »i»*»*. "> for* •* <•» °* » l*»* r **** 

10 ifci* UM««uof «• tol— • **• ImwW. crwrw «3r *« «J" t» 

O^llMUltedklDlf to.**!*****. \roo«ii%d. A oowr W ■» *• 
«*3aj*« 1* uxdxW fortt«» mtt*r fra* t** »><io« ooeb*oi»o to proUat 
to* r»rl-«. 

A Htti tor ItadtW tbm A«fl*aUoa of UM nnllOT t* roVilwd. 
Utt,^ Mb eoi*m tlnsv fwtlo~ in o tool!** w^tMB, «ppll*o4,<« «f 
Mulim nprnUM Jood tborot© ««a m« total f»lt-to or rqptaro of to. 
oofe***. nmfon, * p^r of atop. *9 —A *S* «• prwrio** tear tol» forw 
A* km, to. stop* wo rtfjlir oQW»etot M u» Wlo* Wow*, «*, U 
•ffost offvnoo mam « low Haiti** •**•*•* I«»iU«-4 oo to. rtaft to 
82 alio* loflfitfldlomUj tbnr». Sm oof* 0* **•»» ■*» to"**, OT W 
frw, «ul other oo too iooi oa too «vrlM lombo «rt«. low .lot*. *9» 
t. «Wt*& fro. -ooiof ion Vr W-*r ooooldor 5o .oooootofl to »* •»•*. id. 
tami| ^ spuUf Wt***- U. ni* 1. *— h ** to Holt W« lootltulljul 
Uo-oi or to. bonits *1**» oooooro MMyom too***-* to , 
Ut^Wm of to. oolom oiomocb *3. mxtooo i 
la< inn to tot ooJoob tiMii Mf^MM ooploar*o\ for oavW .u» or 
rlos. oooofioA on tot caxen ■» .or*. »too*. or too oo*»r W prorltoa 

ooow30oo» 007 * Mfelrtrod far tM« parpox W u-it 
•ad/or kUfkl OftOoctlOB of ooiaoo.. 
JO i*» oqIbom of to* colaoo cl«M*«t t3 mm? hm mn^d crooM tt» 

eott lA, *t«H *. iot* ror*> * »arUoo of tho bMy of to. oria< 
I^p*, with ooo. of *ol»-*» flttoi 10 to* rooo* »T. ***** 
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ntial cIomOj fco^l^r aa mtxw, tr ^ «« aparad arwrd U» Tlth as**- 

Mian uMd batoaan t>— w> acufada ito «5*ei»«- *** 

pel*— M>I^7«d vlll tipoo caloam d»i»»»«/nuci and tbo -wruu of 

ooaaWUBUoa. Ibr LB* alMOaTMta Mlo of ito cola* a*/ to taxlad 

attala, a* ool« «** -aj to road, flat, flaat «r hlaaad. tt» **al*naJ 
MMV^Mp la a tkU, «)»*avar <oJaan vita ioaad«d a*U, f» to a* *Jtt»l 
tka MM Ktop* to 1aa asrmkara tf U» •olaan aataTiaOa vfala* **/ to 

aatlafi rtcrlU aaaiojai for toa aolaana «xp c-^» aaa J 



d<— •casalaaa atooi-. 



M faaapto* toon, to^lllaa aoyvar, l*a fcl«* alatol aJlaju aaa at* 
aitarlato arortdii« iatlatartafy t»a aaalaaj jooyartdoa. Tj^Loaxly, ito ladA- 
▼Lteal oalaajai «• of lose laatoa+itojr c ra aa ■aatda*, wiiA taa oats tolas 
(raatav tto \a» LtUaaaaa, ana ta taat V* *ld*r faoa V* uj>«* 

la aosaal to UM dlaaata? of Ito anaTU Baa, *tt» Kxrtxdan* cw^»J» 
loaJlai, V» odlaana kdU>, aaa toad abort too art* aaviag taa loart *ew**t 
of laarUa, a.f aWittj aaay fw O- abaft 18- 

far axaaali. * frta* of oolaaan O.Jtt-looh talc*, ay o.»59-Hwa idac 
ar 10.&tf-todbaa lonf, wila tea aada too****, wart fatarloKto*. rroa 1.1.6. 1 
SJka itaal, qtauM v4 dimua at 579*?- «oi»-i aaa fw— u» ra*dra a 

crlttaal ao-vcaMloa la»e-a or MO poaada i« ©«««■ ta baeklo laa aalwo. 
. njctor toaallai. tha aal-aa vara faart to aaat a wrf flat ««ri*« caanactort- 
«o. uifaonln TU«ra J, tharala P B to tba «rlttaa& toikUa| toad aaa 
0 n^i nati aba toad, aaa itoftocitoa at tffaLafc Ua .ixaaa la tho axtoaaa fltora 
Of tha aalaaa aaaaat taa fiel* »cUt of tba aatorUi. fiawratlOally. toa atoaa 
of tola atria* obaraatarlrac eurv* *■ daaarttofl to «w 04 'UO, aoiaaiiy, 
<Mi cam la araoribal "by ttJO Out to frtoidoa In toa ayrtaa. fotoa* a and ■ 
TOsraaaat to^Loal worklat ltolto, <Ua», af aoaraa, -jr to varUd accortlai to 
Ua aaaUaatlao for *»dab Ito .prlf>« l» daaSftoad. For an*>la, atoarr a torat 
aaabar of flaodac ay«Jaa aw not ntloiyatod, a aartdoc awafa >a* tolov tto 
ylald pjln» «j to oaafl # «itb a arc»i aaaaar of fla*»raa # lha rati** 

mif* aay to told to laa> *to* taa aaSaraaoa Walt of taa aaiart*] of HMtne- 
Moa. la lha atoaa-aaBtloaal *aa\a, taa UtofO aanaotl« w Itaatad to 



I* : 



.afeT-'i' 




•jV^aj 




IBB 
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O.tt? laata*. Fn>- -rt» aoflo.tioo V> U- oanm d*fl««o.. 

Em Motfao ««Bt » fprlai dmrto» m Villi, ** 
, MA oavi&s a viuml teeklfc* >oa« <rf 1«0 

ImIWA Wtooom 0 n4 •tan* 3 -00 locfe** bf 1 

Uoata* tko «*» «oyr»*t1rw»l looaia* tk> rp> 

ao*ta*11AUj »,CCQ pqaKU ad fn» * *omglta*laal 0.ru«**o» rf ° <* *•* 

I to 0.15 nartaci «» fHlall y ■* 



Or tixnM, U «0BlfftU| a *PVtA« »M+ mm mmwm 1* 4- o*OMft»a»oa» 

to ovm. **• ****** ***** « io-tii-i*a *aoat*u. eur win* 

» cf lrli — 4*n*etlcn aM oriticaL baoUW load, oainteUUai 
, ibiH ImI <a oofeooo «* * «*f» 1*^1- ox*taoA *° 
», ar» loM « aoooo u «A fi, *d*> — tapt. flat . 



I> tfc* opor«tdo* or tl» aim osoaou&f 
i* -li ^ ti. aafe-o* *ooi t* l««a4 uto U» ~U « 
vlth tte tiM 0 in *** rvWMt^ portion - a«tt»vniu 

, i, .ooaiiod. *» frioum Baiter W ota*" 
*1 a 



«U rf u* oaauf ■ 



» 1* 



tlffmtUal 



, 90 to W*U* ■pxiaj 3T **» • ^a«rt«toa« < 



M* KMT end of 



^■t.r 4. <m lto w«4 ** «**^ ^ 1 

UUA* of tto » t» ««. «J» «rf~>*l7 * "^'^ 

^t., rm roorttoaal to tfc> oritioU lo-i of *»• 

g^aapart ly, tt* rT"* im i tool Lf * tiiroa* Una» to 
i It U> tb» o»«iaa i* t2* »*aw aotcriboi t»r*i»*»roi»- 
x tW for«#iU« 4»«ert7taao of a ptrntmrrmi oa *att— t of aj 

»aa W« ^ rot parpco of — a>llfiomo». «*Uho*^cd' 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE (S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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